Abstract A female patient with HER2 positive, metastatic breast cancer presented with pulmonary infiltrates, and a plural effusion dyspnoea after several months of trastuzumab treatment. She had been treated without complications with six courses of docetaxel and trastuzumab in combination with dexamethasone with partial remission of disease. Malignancy, infection and cardiomyopathy were excluded as causes of dyspnoea. Pleural and broncheoalveolar fluid analyses (BAL) showed eosinophils. A diagnosis of trastuzumab-induced pneumonitis was made. After treatment with steroids there was gradual clinical improvement and disappearance of infiltrates. Although a causative association between trastuzumab and this patient's pulmonary syndrome was not proven, the potential for this toxicity should be considered.
Introduction
The HER-2/neu proto-oncogene is a poor prognostic factor and is amplified in 20-30% of patients with primary breast cancer. Trastuzumab, a monoclonal antibody directed against HER2, improves response, time to progression, and overall survival in both the metastatic and adjuvant settings in patients with HER2 positive breast cancer [1] [2] [3] . Trastuzumab is introduced as standard adjuvant treatment to patients with HER-2 positive tumors [1] . Before, trastuzumab was already introduced as first-line treatment in combination with a taxane after prior use of anthracyclines, for metastasized disease. Patients who express high levels of HER-2/neu are most likely to respond to trastuzumab.
Case description
A 56-year-old non-smoking female underwent neoadjuvant chemotherapy for cT3N1M0 ductal carcinoma of the left breast in December 2003. The chemotherapy consisted of six courses of 5-fluorouracil, doxorubicin, and cyclophosphamide (FAC) administered every 3 weeks. Chemotherapy resulted in a partial remission after which a radical mastectomy was performed in June 2004. Histopathological findings revealed an invasive ductal carcinoma of 2.2 cm, grade III with HER-2(3+) receptor overexpression. With 1 out of 10 axillary lymph nodes involved with metastatic cancer.
Immunohistochemical staining for oestrogen and progesterone receptors was negative. At subsequent follow-up visits no signs of recurrent disease were found.
In Eight days after the first administration of trastuzumab (30 days after her last docetaxel) the patient complained of dry cough and progressive dyspnoea. Apart from Oxycontin 20 mg twice daily she was not taking any other medication at that time. Physical examination revealed a temperature of 38°C, a pulse rate of 119/min, blood pressure 125/85 mmHg and an oxygen saturation of 86%. No supplemental oxygen was administered at that time. At the lung bases crackles were noticed. Laboratory tests showed a haemoglobin level 6.2 mmol/l (normal [7. 3), leucocytes 7.8 9 10
9 /l, neutrophils 5.0 9 10 9 /l, eosinophils 1,000 9 10 6 /l (normal 40-440), CRP 133 (normal \9 mg/l). Renal and liver biochemistry test results did not show any abnormalities. An NT-proBNP and IgE level were not elevated nor was the ANCA titer.
With 5 l of nasal oxygen, the arterial blood gas analysis showed a hypoxemia with a PO2 of 6.5 kPa (normal [8.7) and an oxygen saturation of 90%.
A chest X-ray showed bilateral patchy consolidations and pleural effusion without cardiomegaly or any other signs of heart failure ( Fig. 1) .
Blood cultures remained negative. A PCR for CMV was performed and was negative, as was a serological aspergillus antigen test (galactomanantest). A urine sample for Legionella did not show any antigen.
A spiral CT angio of the thorax showed no signs of pulmonary embolism. However, patchy consolidations were observed in both lungs as well as bilateral pleural effusions.
To exclude heart failure a transthoracic echocardiography was performed which showed a normal left ventricular ejection fraction (65%) without any signs of diastolic dysfunction or any other abnormalities.
A diagnostic thoracocentesis was performed. Biochemical analysis of the serous fluid demonstrated an exudate. Microbiological examination revealed many leucocytes, but no bacteria were seen. Ziehl-Neelsen staining was negative. Cytological examination did not reveal any malignant cells. After cultures were taken treatment with amoxicillin with clavulanic acid and levofloxacin was initiated to cover typical and atypical respiratory infections. There was clinical improvement of dyspnoea and oxygen supply was gradually diminished.
During hospitalization, trastuzumab was again administered, 3 weeks after the prior administration. After this dose the patient's temperature rose to 38.7°C. She also complained of progressive dyspnoea and wheezing. Thoracentesis was repeated, and 1,500 ml of pleural fluid was evacuated. Microbiological examination did not show any micro-organisms and cultures remained negative. Cytological examination again revealed no malignant cells; however many eosinophilic granulocytes were observed.
A bronchoalveolar lavage (BAL) was performed, with instillation of 4 9 50 ml NaCl 0.9% in the middle lobe. The cell count showed 257,000 cells/ml. Cell differentiation of 500 cells showed 38.8% alveolar macrophages, 25.2% lymphocytes, 17.8% polymorphonuclear neutrophils, and 18% eosinophils. No malignant cells and no intracellular bacteria were observed. Microbiological cultures of the BAL fluid for bacteria, viruses, fungi and tuberculosis remained negative. An immunofluorescence test for Legionella on BAL fluid was also negative.
An allergic reaction to trastuzumab was highly suspected, based on the presence of eosinophils in BAL and pleural fluid and in the absence of an infectious agent. A lung biopsy via VATS was considered but the risk of ventilatory complications was regarded too high. The patient was treated with prednisolone 40 mg once daily. She gradually recovered and became independent of oxygen. A chest X-ray showed diminishment of the consolidations (Fig. 2) .
Discussion
This female patient with HER2 positive breast cancer metastases to skin and abdominal lymph nodes was treated with docetaxel and trastuzumab. After six courses of combined therapy, docetaxel was stopped. Trastuzumab monotherapy was continued. After the first trastuzumab monotherapy infusion our patient was hospitalized because of dry cough and dyspnoea. With supportive therapy she gradually recovered but after a second treatment of trastuzumab there was again deterioration of her symptoms. Eventually, after exclusion of other causes, the pneumonitis appeared to be the consequence of trastuzumab. Analysis of BAL fluid demonstrated a pattern compatible with drug-induced pneumonitis. After treatment with corticosteroids dyspnoea and cough gradually disappeared and the consolidations on the chest X-ray diminished.
In several series, trastuzumab has been well-tolerated, and addition of trastuzumab to chemotherapy does not significantly increase the frequency of side effects [4] . Infusion-related events are common but rarely severe, and they are more common during the first administration [5] . In an analysis of the safety of the administration of trastuzumab to 25,000 patients, the only respiratory-associated serious adverse event was bronchospasm [6] . These reactions occurred usually within 2.5 h of administration. However, apart from described infusion-related bronchospasms, rare cases of interstitial pneumonitis have been reported. One patient with an organizing pneumonia and another with a pneumonitis were reported, probably due to trastuzumab administration [7, 8] . In trial B-31, four patients in the trastuzumab group had interstitial pneumonitis, one of whom died [1] . In the N9831 trial, five patients in the trastuzumab group had grade 3+ pneumonitis or pulmonary infiltrates, one of whom died [1] .
Drug-induced infiltrative lung disease (DI-ILD) is the most common form of anti-neoplastic agent-induced respiratory disease. Patterns of DI-ILD are non-specific interstitial pneumonia, eosinophilic pneumonia, hypersensitivity pneumonitis, pulmonary fibrosis, or organizing pneumonia [9] . Early withdrawal of the causative drug will often lead to improvement or even cure of the ILD. Corticosteroids may suppress the inflammatory reaction [10, 11] .
After trastuzumab monotherapy our patient developed symptoms and signs indicative of DI-ILD. Because of the time dependent relationship between the infusion of trastuzumab and the signs and symptoms a causal relationship is likely to exist although it is not proven.
Based on the history, physical examination and the HRCT and the BAL fluid analyses, our patient was diagnosed with drug-induced interstitial lung disease.
A peculiar feature of this case is why this patient did not develop symptoms of trastuzumab-induced pneumonitis earlier in her course? We speculate that before trastuzumab monotherapy was initiated, combination therapy with docetaxel was given with accompanying dexamethasone. Perhaps the concurrent dexamethasone prevented trastuzumab-related complications.
Taken together, the reports of apparent trastuzumabrelated pulmonary interstitial disease in B-31, N9831, and by Vahid, et al., Radzikowska, et al., and ourselves are highly suggestive this syndrome is a rare, but real, complication of this therapy. Clinicians should be aware of it and prepared to respond appropriately, including discontinuation of further treatment or cautious co-administration with corticosteroids.
